Literature review
The productive process in the industry of the construction sector takes into account the final product (property), usually unique, with a long cycle of existence and inconsistency in the use of resources (Azambuja & O'Brien, 2008) . The production chain has a fragmented nature Azambuja & O'Brien, 2008; Isatto et al., 2015) . The manufacturing projects are complex and marked by participants with knowledge in diverse areas (Ju et al., 2017) . The companies present weak organizational performance (Meng, 2012; Jeong et al., 2013; Othman et al., 2015; Ju et al., 2017; Xu & Zhao, 2017) , especially in terms of time, cost, and quality (Meng, 2012; Xu & Zhao, 2017) . Vrijhoef & Koskela (2000) stress that the supply chain of the construction industry is: (i) convergent: the supplies converge to the construction site; (ii) temporary: the organizations that are formed for the execution of the unique venture do not usually persist for the next venture and can assume a different shape than before; and (iii) make-to-order: each project creates a unique product with little repetition.
The implementation of the philosophy for supply chain management has been investigated as a strategic measure to improve organizational performance of the construction companies (Bondinuba et al., 2016) . Integration and coordination of the supply chain is essential to successfully execute projects of construction, and achieve possible cost reduction, maintain margins, competitive advantage, on-time delivery and of better underlying value for the client, improvement in productivity, value creation, higher trust in long-term planning and better relationships between parties (Isatto et al., 2015; Papadopoulos et al., 2016; Xu, & Zhao, 2017) .
McDermotti & Khalfan (2012), Papadopoulos et al. (2016) , and Ju et al. (2017) report in their research that the construction sector supply chain is a network of several multidisciplinary companies that comprise many complex interfaces and performance issues due to lack of integration and coordination. The challenge facing the sector, already addressed by the cited authors, is to improve efficiency of the supply chain. Meng (2012) stresses that construction companies can boost performance with a better relationship between parties of the project.
According to Christopher (2016) in regard to various productive sectors, supply chain management with emphasis on relationships, trust, acknowledgement, and cooperation is essential for positive results, rise in productivity, efficiency and unit cost reduction. This also applies to construction sector companies that operate in a supply chain with several suppliers, commercialization and maintenance services.
To increase the efficiency of relationship management it is necessary to have coordination between construction companies and their main suppliers (Bemelmans et al., 2012; Othman et al., 2015; Bondinuba et al., 2016; Xu & Zhao, 2017) . The construction company-supplier relationship is essential (Bemelmans et al., 2012; Othman et al., 2015; Bondinuba et al., 2016) , since supply of materials is a major factor in construction engineering, increasingly performing a more significant role towards good progress in the supply chain (Xu & Zhao, 2017) . In regard to the relationship between construction companies and suppliers, Jeong et al. (2013) identified critical issues, which are: variable delivery time, inconsistent levels of safety stock, and evaluation of impoverished suppliers as the main restrictions that hinder efficient performance of the supply chain. Thus, we present the following hypothesis:
H1: There is a lack of integration and coordination upstream the supply chain of the construction sector.
Comprehension of possible mechanisms and structures of interorganizational relationships is of utmost importance for management of the construction sector supply chain, aiding in problem-solving, and gains in performance by being more effect in terms of cost than time or quality (Meng, 2012) . The management of supply chain relations is becoming more strategic for organizations in the construction sector (Jeong et al., 2013) . According to Meng (2012) the key indicators for an effective supply chain relationship in the construction sector are: mutual goals, gains and sharing of issues, trust, culture, coordinated work, communication, problem-solving, risk allocation, performance measurement and continuous improvement.
Partnership building is highlighted as a strategy to improve supply management. The partnership with the supplier, as a participant in the upstream operation, allows a continuous flow of goods and services without any interruptions in the productive process. Merli (1994) considers three operational relationship levels regarding the degree of development denominated by the author as comakership, or partnership relationship, in which actions are taken jointly:
• Class III (common supplier): negotiations established based on minimum quality specifications; safety stocks; pricing, short-term individual batches; and systematic supply inspections;
• Class II (integrated supplier or operational comakership): quality guaranteed and self-certified based on pre-established criteria; systematic improvement of quality and pricing of supplied products; automatic replenishment and no intermediate stock; price adjustment based on agreed criteria; frequent supply in small batches for "open" orders; long-term relationship and periodic review; overall responsibility for supplied products; lack of receipt inspection; and consulting and training of suppliers;
• Class I (comaker supplier or partner): global comarkership with characteristics of a partnership; class II operational activities; cooperation on projects for new products/technologies; investment pools in research and development and in technological achievement; and continuous exchange of information about processes and products.
According to Li et al. (2001) there are four partnership stages:
• Stage 1 (competitive): three partner companies (A, B, and C) are in contact with each other in a single point. They are not in search of compromise, and there is a high degree of confrontation, which can result in disputes and conflicts. The partnership exists solely to meet contract requirements. It is the most common case of partnerships in the construction sector;
• Stage 2 (guided for cooperation): there is more communication and interaction among parties due to the format shift of organizations to adapt to the enterprise. Even so, barriers continue impervious and inflexible;
• Stage 3 (integrated) communication and interaction are further intensified with exchange of knowledge and resources among partners;
• Stage 4 (strategic cooperation): a strategic alliance is formed, which promotes effective communication, exchange of knowledge, access to technology and to resources. A partnership is built based on trust and compromise.
In the construction sector the preferred purchasing procedure is based on the lowest price (Bemelmans et al., 2012; Bondinuba et al., 2016) , thus an adverse relationship instead of a collaborative one when compared to most industrial sectors (Ju et al., 2017) . Jeong et al. (2013) stress the need of an attitude and culture change in the sector in regard to purchasing procedures. In Brazil, Bandeira et al. (2009) have already pursued a case study from which they concluded that the construction company-supplier relationship is based on, mostly, a relation of dominance due to inherent factors of the sector, such as large bargaining power imposed by the construction companies. Culture, politics, dependency, and trust have significant influence in the quality of the relationship between buyers and suppliers of construction materials (Bondinuba et al., 2016) . Thus, we propose:
H2:
The interorganizational relationship between construction companies and suppliers is asymmetrical. Tuten & Urban (2001) in a study on many industrial sectors, including the construction sector, identified the reasons that encourage companies to build partnerships: cost reduction, competitive gain, improvement in performance indicators, and raise in product quality. The critical factors for success of partnerships were identified by several authors, as presented in Table 1 .
For a successful partnership, trust is the most mentioned factor by the authors (Table 1) . Common goals, equity or equality, effective communication, engagement, performance assessment, integrated team, and long-term relationship are the other highlighted factors by related authors in Table 1 . 
Common Goals
Equity or Equality
Performance assessment
Effective Communication
Resolution of Problems/ Conflicts
Win-Win Philosophy
Rewards and Mutual Benefits x 1
Investments/ Incentives x 1
(1) Cook & Hancher (1990) ; (2) Bennett & Jayes (1995) ; (3) Lenard et al. (1996) ; (4) Hellard (1995) ; (5) Matthews et al. (1996) ; (6) Black et al. (2000) ; ( Santos & Jungles (2008) reinforces the importance of the search for partners among the elements of the chain and that this should be a constant action in the businesses, due to the positive impact of competitiveness for both actors involved. The author points out three key factors for the formation of partnerships: trust and cooperation, long term relationships and sharing of information. When these three elements are present, the author stresses that the probability of a positive result, such as the increase on the level of added value and the reduction of waste, is higher.
Trust is based on the belief that the involved parties have an agreement to not act in opposition of the common interests (Neves & Guerrini, 2010) . Cooperation is essential in the processes of innovation, acquisition of technology and opening to different markets, since it allows access to completion of production, resources and products which lead to the reduction of risks and/or competitive advantages (Guerrini & Vergna, 2011) .
The long term relationship element also guarantees more trust. According to Bondinuba et al. (2016) , construction companies and suppliers should focus on building trust as a foundation for long-term relationships.
The long relationship is usually established through contracts. The contracts, besides consolidating trust, allow a shared strategic view and a bigger collaboration between the businesses, since a good buyer will work beside his supplier and vice-versa for both to stay strong financially (Purdy & Safayeni, 2000) . Santos & Jungles (2008) mentions that the long-term relationships permit the formation of a shared strategic view and are established through long-term contracts, with automatic renewals according to the achievement of the expected results. The nature of long-term is essential for successful results in the management of parties in an engineering project (Bemelmans et al., 2012) .
The third key element for the formation of partnerships is sharing information, which can be since specifications of products and services, planning and programming of purchases, until full access to a database with information of clients and/or suppliers. This element catalyses interorganizational integration, as far as it can enable the transfer of know-how and the joint accomplishment of training and meetings between buyers and suppliers (Purdy & Safayeni, 2000) .
A collaborative and trustworthy environment based on information sharing is necessary to build relationships in the supply chain (Meng, 2012; Das et al., 2015; Papadopoulos et al., 2016) . There is a strong connection between trust, long-term relationships, and information sharing (Purdy & Safayeni, 2000) . These variables operate as key indicators for an efficient relationship in the supply chain (Meng, 2012; Das et al., 2015; Papadopoulos et al., 2016) . Thus,
H3:
There are relevant variables that discriminate more the relationship between construction companies and suppliers.
Methodology
To achieve the objective of this article, we took into account the perception of two actors of the construction industry supply chain: the suppliers and the construction companies. A study was conducted with 50 suppliers and 50 companies of the Brazilian civil construction industry, in the sub-sector of building.
The use of a non-probability sample was due to convenience, selecting accessible members (companies that responded to the request of the study) of the population. However, since in Brazil -as in the international scenario -the building sub-sector contains similar general characteristics, as indicated by Mello & Amorim (2009) , we considered that sampling due to convenience would not be biased in regard to the whole population. Therefore, the obtained results would be representative of the studied universe.
A questionnaire split into two parts was used as an instrument to collect data: (i) profile of the organization and the interviewee; (ii) identification of the elements that constitute the relationship between construction company and supplier ( Table 2 ). The utilized variables for creating the data collection instrument are especially related to trust and coordination, long-term relationships, and information sharing as stressed by authors such as Santos & Jungles (2008) , Bandeira et al. (2009 ), Meng (2012 , Jeong et al. (2013) and some present in Table 1 . To transform the qualitative variables into quantitative ones a semantic differential scale that comprehends a pair of adjectives and antonym sentences was used. The respondents distributed the answers on an intensity scale from 1 to 7 points. Table 3 demonstrates an example of how the issue of the semantic differential scale was considered in the questionnaire applied for this study. (2008); (2) The collected data was analyzed with the use of descriptive and inferential statistics (discriminant analysis). The tool of choice was the Statistical Package for the Social Sciences (SPSS).
The descriptive statistics were utilized to describe and summarize the data by the following measures: median, coefficient of variation, and sum of responses. The median indicates the qualitative level of satisfaction in the construction company-supplier relationship; the higher this value, the better the relationship. The sum of responses reveals the overall measure of the construction company-supplier relationship, whereas the coefficient of variation indicates what is the relative position of the standard deviation compared to the average.
The discriminant analysis had the goal of identifying variables associated with the interorganizational relationship that diverge in the relationship between construction companies and suppliers. The management research identified as a dependent variable to be a construction company (D1) or a supplier (D2).
The first assessment, in the discriminant analysis, affirms the existence of distinction between the averages of the independent variables. The objective is to test the hypothesis that the averages of the samples are equal, a null hypothesis (H0).
The next test, Box's M, has the objective of identifying the equality in the matrixes of variance and covariance. The equality of the matrixes finds support if the p-value (sig.) is bigger than the level of significance (α) of 0.05. If the value is lower the assumption is violated.
Continuing the analysis, the hypothesis test of Wilk's Lambda evaluates if the discriminant function observes a difference between the two groups. The objective is to reject the hypothesis that the population average of both groups is the same. The test seeks to eliminate H0 (the population average of both groups is the same) so that the averages become significantly different in order to discriminate the groups more effectively. For H0 to be rejected, the p-value (sig.) must comply with α < 0.05, thus it can be concluded that it is significant.
In order to draw comparisons between construction companies and suppliers, the medians of variables that discriminate relationships between groups were compared. A maneuver chart of 9 vertices was designed to visualize results, each one representative of a discriminant variable.
Results
In this section, the data analysis and the obtained results are presented. In subsection 4.1 the sample is identified. In subsections 4.2 and 4.3 the descriptive analysis and discriminant analysis are presented, respectively. In subsection 4.4 the results are summarized.
Identification of the sample
Firstly, the sample (researched businesses and interviewed persons) was identified. The sample contained 50 construction companies and 50 suppliers of the construction industry.
Most of the researched companies are located in Curitiba (64% of construction companies and 46% of suppliers); have operated for more than five years (82% and 86%); and are limited partnerships (76% and 70%). It is also noticeable that the construction companies are managed by family members (38%), as well as through professionals (40%) and the suppliers are managed mostly by professionals (58%); the construction companies have a maximum of 19 employees and the suppliers (32%) have from 20 till 99 employees; 54% of the construction companies do not have any certification and the suppliers hold ISO 9001 (28%) or no certification (58%).
It must be stressed that, according to the classification by the Brazilian Service of Support for Micro and Small Enterprises, the researched companies (with up to 19 employees) are considered Small and Medium-sized enterprises (SMEs). Furthermore, these construction companies have a Gross Operating Income lower than R$ 90.000.000,00 (classified as SMEs for obtention of funding by the Brazilian Development Bank, known as the National Bank for Economic and Social Development -BNDES).
Regarding the interviewed professionals, most belong to a department of engineering (50% in the construction companies) or sales (44% in the suppliers). It is important to clarify that the vendors of the suppliers are skilled workers, mostly engineers or managers of the company.
Descriptive analysis
The first analysis was of a data set through descriptive statistics, as summarized in Table 4 . It is important to emphasize that the descriptive measures work as a visualization of the efficiency of the relationship between construction companies and suppliers. The suppliers do not perceive pressure to rise quality on the part of the construction companies (V10), there is no automatic replenishment without ordering (V17), and the construction companies denounce low operating relationship with their suppliers. Therefore, according to the typology of Merli (1994) , the comakership level of the researched companies is not Class II (integrated supplier). Negotiations between construction companies and suppliers are established based on minimum quality specifications, pricing, short-term individual batches; and there are systematic inspections of supplies, hence, according to the classification of Merli (1994) , the comakership level of the researched companies is Class III (common supplier).
Among the four partnership stages of Li et al. (2001) , the researched companies do not adhere, in their majority, to stage 3 (integrated), but yes to stage 1 (competitive). There is no mutual access in regard to price formation of the products (V9), and there are few joint meetings (V18). On the other hand, the construction company-supplier relationships are sporadic, uncommitted and the partnership exists only to meet the requirements of the contract.
The results emphasize, therefore, lack of integration and coordination in the supply chain of the researched companies, as identified in the samples of McDermotti & Khalfan (2012) , Papadopoulos et al. (2016) , and Ju et al. (2017) . The H1 hypothesis is sustained. Figure 1 demonstrates the distributions between the sum of the answers and the coefficient of variation, in other words, the relative positioning of construction companies and suppliers versus the global positioning in the construction company-supplier relationship. It can be observed that in regard to the total sum of answers (ordinate axis), the suppliers normally provide higher grades to the relationship with construction companies than the latter provides to their suppliers (a significant difference of 5%), demonstrating an asymmetrical relationship. 
Discriminant analysis
The first assessment of the discriminant analysis was the test for equality in the averages of the groups (D1 and D2) which present variables that passed on the assumption of equality of the matrixes of variance and covariance. The obtained result reinforces the significance of differentiation between the groups in the variables V1, V2, V3, V4, V5, V10, V12, V17 e V18, rejects the null hypothesis (H0), presenting p-value (sig.) lower than α of 0.05, that is, the groups present characteristics of the organizational relationship that differentiate the relationships between construction companies and suppliers (Table 5) .
The tests applied below are: (a) Box's M: to reject the hypothesis that the matrices are homogeneous; (b) Eigenvalue: to identify the level of association between the determinant scores and those of the groups, applying the obtained result with the percentage of the dependent variable exposed by the model; and (c) Wilk's Lambda: to denote the statistical significance of the discriminatory power of the discriminant functions. Table 6 presente the Box's M, Eigenvaleus, and Wilk´s Lambda tests. The Box's M test presents a level of significance lower than 0.05, thus the variables have a distinctive behavior and do not have to be eliminated or grouped. The Eigenvalue, obtained through the calculation of R 2 c = (0.766) 2 = 0.59, counts 59%, which means that the variables chosen in the research are representative of the distinction between the groups. In the analysis of Wilk's Lambda, the first function, the significance is lower than 0.05, thus the difference between the groups is significant. Table 7 shows a structural matrix that reveals the order of magnitude of the simple correlation between the functions and the discriminant variables (V2, V1, V4, V10, V3, V12, V5, V17, V18). This matrix highlights the variables that truly discriminate the sample. The evaluation of the results obtained in the discriminant analysis is presented on Table 8 . It is noticeable that 90.5% of the cases were correctly classified. This means that if only the value of the variables were used, it would be possible to define the following relationships construction company x supplier and supplier x construction company in 90.5% of cases. Figure 2 shows a maneuver chart of the variables that discriminate the relationship between builders and suppliers based on their medians (Table 4) .
The discriminant variables, with the exception of pressure for increase in quality (V10) and autonomy to deliver without ordering (V17), are perceived by the suppliers more intensely when compared to the perception of the construction companies, which reinforces the conclusion that the relationship between both (construction companies and suppliers) is asymmetrical, restating H2.
The variable that discriminates most the relationship between construction companies and suppliers is the operational relationship (V2), followed by degree of commitment with the product cycle (V1). Construction companies and suppliers also differ in factors of trust and cooperation (variables V4, V10, V3, V12 e V17). Therefore, there are relevant variables that discriminate more the relationship between construction companies and suppliers, and H3 is sustained.
Summary of results
It was discovered that the three hypotheses are sustained, indicating broadly that there are relevant variables that discriminate the relationship between construction companies and suppliers.
The biggest discrepancy among the respondents (discriminant variable of most relevance) pertains to the operating relationship (V2), followed by degree of commitment with product development (V1), expectation of compliance with the agreement (V4), pressure for quality (V10) and level of trust (V3). The construction companies do not identify the operating relationship, the commitment, contract compliance and quality that the suppliers assert to have/offer. In fact, the operating relationship between suppliers and construction companies presents, also, weaknesses in regard of the following aspects: autonomy to deliver materials without orders (V17), conclusion of exclusive contracts (V14), and access to production costs (V9).
The suppliers perceive the interorganizational relationship as more withstanding when compared to the perception held by the construction companies, a similar situation to the perception on the variables differentiated pricing policy (V12) and autonomy for delivery of materials without orders (V17). Another highlighted variable is the participation in meetings with the technical staff and/or the sector of supplies of the construction company. For suppliers, participation (although infrequent) is perceived more than compared to construction companies. Indeed, the discrimination in these variables (V12, V17, and V18) highlights also, ratifying H1, the lack of integration and coordination in the supply chain in accordance with the studies of Purdy & Safayeni (2000) and Xu & Zhao (2017) . Furthermore, the level of trust (V3) and commitment (V1) on the part of the construction companies is lower when compared to the trust the supplier claims to have with their clients/ construction companies. Hence, the construction companies, less trusting, do not perceive the cooperation and involvement that the suppliers, more trusting, claim to have. Trust, besides being the most mentioned factor for the success of a partnership by researchers (Table 1) , affects the quality of the relationship between construction companies and suppliers (Bondinuba et al., 2016) .
As for long-term relationship (V5), the respondents indicate a lasting relationship, besides results that demonstrate dissatisfaction by the construction companies in regard to services and products offered by the suppliers. According to the suppliers, the relationships last more than 5 years (level 7 in the semantic scale), thus they are long-term relationships (V5). On the other hand, the relationship for most construction companies withstands, on average, for 4 years (level 5). This corresponds with the average term of a project. Bemelmans et al. (2012) stress that the nature of long-term is essential to obtain positive results in an engineering project. After all, long-term relationships consolidate trust, enable greater collaboration between organizations, allow automatic renewal of contracts, and guarantee full and effective execution of activities on the worksite (Purdy & Safayeni, 2000; Santos & Jungles, 2008) .
In summary, especially in face of divergences shown by the parties, we infer that the relationship among them is: asymmetrical, of average duration (considering the term of the project), and not centered on cooperation, with little/insufficient information sharing. Thus, a few of the key indicators of an effective relationship suggested by Meng (2012) , Das et al (2015) , and Papadopoulos et al. (2016) are not present. The construction companies do not perceive the effort/commitment of the suppliers and demonstrate insatisfaction towards their offered products/services. The suppliers, in turn, mostly maintain a good commercial relationship without worrying with performance of the supply chain of their client/construction company. This, added to low information sharing foments a lack of coordination and integration in this chain. Therefore, it is a more adversarial than collaborative relationship, in accordance with the studies of Ju et al. (2017) .
Conclusion
The objective of this study is to identify variables that discriminate the interorganizational relationship between small and medium-sized construction companies and suppliers, and affect integration in the supply chain of the construction sector. Nine discriminant variables were identified ( Table 8 ) that function as critical points to be overcome in the pursuit of better results (performance gains). The variable that discriminates most and, therefore, deserves foremost attention is the operating relationship.
The results indicate that the researched small and medium-sized companies of the construction sector do not apply, or apply unsatisfactorily management strategies upstream the supply chain. Several results sustain this conclusion, the selection and evaluation processes do not favor the best suppliers, and they continue participating in competitive bidding processes of purchase transactions based on the lower price. The researched construction companies adopt a traditional management model, without considering sharing culture and holding a low number of meetings with the technical staff, supply sector, and suppliers, maintaining an adverse relationship instead of a collaborative one.
The responding suppliers portray the relationship more positively than their clients/construction companies. They evaluate better their own products and services and the interorganizational relationship as a whole. However, the construction companies do not have the same perception; they do not recognize the commitment and operating relationship that the suppliers claim to have. This proves conformation with the situation on the part of the suppliers. They are more inclined to serve the construction companies in a fundamentally commercial relationship (the current state) than to transmute to a more integrated and cooperative interorganizational relationship.
The obtained results also indicate that the researched companies are not committed with the performance of the supply chain in the sector. Both, construction companies and suppliers, overall, are not certified and also deviate in terms of quality of products/services and the degree of commitment with the product cycle.
As an initial measure and minimal prudence for the establishment of a less asymmetrical relationship, in the long-term, focused on cooperation and in information sharing, it is recommended that the parties adopt actions directed at strengthening the operating relationship between construction companies and suppliers. This includes analysis; development; and joint standardization of processes, full costs, and products; the paperwork (conclusion of contracts and procedural service orders); and the reinforcement of communications (internal and intercompany). Management tools such as strategic planning, mapping of processes and mediation systems also aid this task.
Finally, the great potential for improvement in the management of the construction company-supplier relationship as identified in this study challenges for further research with the goal of creating mechanisms that consolidate trust, strengthen commitment and overcome obstacles to gain cooperation between agents of the supply chain of the construction sector.
